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-* A. Effects of Nuclear Radiation on Table 1. Environmentalconditions
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Temperature, Pretsure, Time,

Deep space missions possibly requiring nuclear devices Group oc torr Power Radiation hr
,_ for electrical power and propulsion systems have been

considered at JPL. In exploring the use of nuclear devices, I 1oo Ambient On None I0,000
a matter of concern is the shielding necessary for atmosphere

protection of the electronics. II loo Io-' On None i0,000
III 1O0 I 0 -I On a I 0,000

- A two-phase program was initiated in 1902 to study the ,v Ioo Io-' On b 10,000

effects of nuclear radiation as part of the _nvironment of v so lo4 On • :o,ooo

space. The first phase consisted of reviewing the literature vl :oo lo-' o, • lo,ooo
available and formulating an experimental program
designed to provide the required information. The second vii 1oo Ambient Off None I0,000_. atmosphere
phase consisted of pedorming the test program and
reporting the analysis of the results. The total program .,o, .,=-, h,-,, ,o, rod,...o h,-,,_,--., _,, :O,O*Oh,.

b,OU ncm-| kr-s, 106 rad {mrben)Oemmohr4 ex._mvrefer tO0 hr fellewedby
was completed in 1966. This article will describe the m,0ooh, w,th.u,_,,_,.,.

,_ program briefly, and present a summary of observations
_ based on _n engineering analysis of the test results.
._ 1962-1965. Included were capacitors, diodes, transistors,

t The total program consisted of exposing electronic parts resistors, relays, switches and other parts representing

in seven combinations of environmental conditions 88 different part types, or a total of 3,418 individual pi,._'e
(Table 1) with and without a nominal electrical stress, parts (Table 2).
The radiation exposure time was 10,000 hr. The parts

, included in the program represented a cross section of The total radiation exposure was approximately I0a'
parts typically found in spacecraft fabricated during ncm-: (E > 0.1 mev) concurrent with 10' rad (carbon)
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Table2. Testspecimens gamma.' The study was performed at the pool-type
research reactor at the Battelle Memorial Institute,

Port Type Number Columbus, Ohio.

Metallizedpaper(P323ZNIOSKAerovox) 120 B;,t_;('d on an analysis of the experimental results, some
Metalllzedpaper-mylar(118P1059252 general observations re_arding the nftch'ar radiation con-

Sprague) 100 ditions of this test program are summarized as follows:
Capacitors Mylar (683GlO$92W2 Good-All) 140

Tantalum fall (15KIO6AA6 G.E.) 120

i l) Tra,;,istors in _eneral experienced permanent radi-
Tantalum wet slug (HP56CSOD1 Fansteel) 100

ation damage. The (,flects ol)s(,rved were current

Silicon, switching (FD1184 Fairchild) I,.0 gaill decrease and saturation voltage increase with
Silicon, switching (FD643 Fairchild) 100 on]v a small percentage of recovery after radiation

Silicon, switching (1N916TexasInstruments)100 turn off. The amot,nt of damage was appreciable in
Siliconcontrolledswitch(3N58 the medium power and power transistors. A 75%DioJes

General Electric) 140 degradation of current gain was observed. How-
Powerrectifier(IN2063InternationalRectifier 24 cver, for the fast switching types of transistors the
Zener (1 N822 Hoffman) 140 amount of degradation was h,ss severe and prol)ably
Zener (P54653 Pacific Semiconductors; 100 not significant.

Carbon film (CG-104 Texas Ins;rumen,s) 120 (0) Capacitors, diodes, resistors, relays, switches, tr;_ns-

Metal-oxide-film(C-07-104CorningGlass) l,i0 formers and connectors were apparently not at-
Resistors Carboncomposition_CB-1045AllenBradley) 120 fatted by the amount of radiation exposureof this

Potentiometer, conductive plastic program.
178PSH-128-16 NEI) 140

(:3)The 10_*ncm -'environment was applied to several
Silicon NPNplanar(2N91I Fairchild) 100 groups of parts over 10,000 hr, while another group

_" SiliconNPNplanar,epitaxial(2N914 was subjected to this level of radiation over a 100-hr
Fairchild) 140 period followed by the 10,000-hr life test. The data

Silicon NPN planar (2N915 Fairchild) 140 showed that the radiation effect was essentialb;" theSiliconPNPmediumpowor12Nl132 same whether applied in a 100-hr period or a
TexasInstruments) 140 10,000-hr period. For the group which was exposed

,_ Transistors Silicon NPN planar, epitaxi.l (2N2297 to 100-hr radi_:tion followed by the 10,000-hr life
Folrchild) 100 test, there appeared to be a small annealing effect.

Silicon NPN planar (2N930 Fairchild) 100

Sl,co,NPNpower12NIos0 In addition to the nuclear radiation testing, a smallTexas Instruments) 140

; Silicon PNP planar epitaxiol (2N2412 number of parts having light sensitivity measurements

: r, os Instruments) Ioo were tested for shorter periods of time in only a gamma

-i SiliconPlNh_alloy1_)N861Philco) 140 radiation ew, ironment of 10' rad/hr. Based on the analysis
of the data, the following was observed regarding the

Relays DPDT, dual coil 132RJD90GD-GSP Sigma) !o0 gamma radiation environment:

Switches SPDT (IHMI Minneapolis-Honeywell) I00 (1) The cadmium sulfide cells decreased in cell resis-
tance to about 50% at dim illumination and 10% at

Vronsformers Interstoge ($P-13 iTF$1IXI3ZZ] Triad) 100 bright illumination. They were considered func-
tional, however, at the end of the test.

• DEM-9P.NM. I 0 (Cinch) 30

WM-_S-NM.)0(Cinch) _o (2) Dark current increased in the photomultiplier tubes.
; Connectors

PT06A-I-4P(Bendix) 30 ('Jesting was discontinued because dark ctm'ent
, PTOOA.S-4S/l_ndla) 30 Wasnearly equal to light current after 100hr of test.)

L.

Pholomdfipllect_b4(7817. COS) 114 (3) Transmlttmace decreasedin the fiberoptic discsto
less than 1.0% of _e initial value for _ shorter

7, Miscellaneous Fiber optic disc (k'.:lsolc Fobeicalions, Inc.) I 0

¢_ Cadmium sulfide cells ICL-6050 Cloi_x) _t0
I_-I"_p4_lltlolW cny s.
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wa_e lengths. Testingwas discontinued after 200 hr powei'. Very briefly stated, the reliability of parts varied
l)ucause of early degradation.) and the ri.*m!ts in thi'_ area were c_,,mparable with other

JpI, qualification tests. There were no apparent effects
This test program also provided information ahout caused 1)y vacuum. Temperature and power, however,

reliability and the effects of vacuum, temperature, and caused significant degradation in some part types.

ml
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